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Abstract 

 

The world fisheries are currently being depleted. Major efforts are being done worldwide 

in order to stimulate and improve the culture of marine and freshwater organisms for human 

consumption. Aquaculture is nowadays the food industry’s segment with the most accelerated 

growth. 

In the recent years the traditional flow-through aquaculture where none or only a 

residual portion of the water is reused is being replaced with the so-called Recirculating 

Aquaculture, where up to 99% of the water is reutilized. 

In the present work a moving bed biofilm reactor model was developed. A 

computational fluid dynamic (CFD) approach was used to simulate the behavior of an inert 

media (kaldness k1) in a closed reactor. The motion is driven by an air-lift system yielding a 3 

phase system of air water and biocarriers. 

The velocity profile of each phase was determined as well as the moving pattern of the 

biocarriers inside the reactor.  

The concentration and volumetric productivities of oxygen, ammonium, nitrite, nitrate, 

alkalinity, H2CO3 as well as ammonium oxidizing bacteria (AOB) and nitrite oxidizing bacteria 

(NOB) were determined. 

The average concentrations achieved at the water outlet of oxygen, nitrite, nitrate and 

H2CO3 were 5.74 ppm, 3.5x10
-4

 ppm , 3.9x10
-2

 ppm and 7.6x10
-2

 respectively. The consumption 

rate of ammonium and alkalinity were 6.4x10
-6

 Kg.m
-3

 .s
-1

 and 4.2x10
-5

 kg.m
-3

.s
-1

 respectively.  

The biomass production rate of AOB was 7.34x10
-7

 Kg.m
-3

.s
-1

 and the production rate of NOB 

was 9.5x10
-8

 Kg.m
-3

.s
-1

. 

 

Keywords: CFD, biofilter, moving bed biofilm reactor, mbbr, nitrification
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Resumo 

 

Os pesqueiros por todo o mundo estão em sobre-exploração. Grandes esforços estão 

em marcha de modo a estimular e melhorar a cultura de organismos marinhos e de água doce 

para consumo humano. A aquacultura é hoje em dia o segmento da indústria alimentar que 

regista maior crescimento.  

Recentemente a aquacultura tradicional, onde nenhuma ou apenas uma quantidade 

residual de água é reutilizada, tem sido substituída pela chamada Aquacultura recirculatória, 

onde até 99% da água é reutilizada. 

No presente trabalho foi desenvolvido um modelo de um reactor de biofilme em leito 

fluidizado. Foi utilizada uma abordagem de CFD (computational fluid dynamics) para simular o 

comportamento de um meio inerte (kaldnes k1) aprisionado num reactor. O movimento é 

estimulado por um sistema de ar ascendente e descendente, resultando num sistema trifásico 

de ar, água e “biotransportadores” 

Determinou-se o perfil de velocidades de cada fase assim como o padrão de 

movimento dos “biotransportadores” dentro do reactor. 

A concentração e productividade volumétrica de oxigénio, amónia, nitritos, nitratos, 

alcalinidade, H2CO3 assim como de bactérias oxidantes de amónia (AOB) e bactérias oxidantes 

de nitritos (NOB) foram determinadas.  

As concentrações médias obtidas na corrente de saída de agua de oxigénio, nitritos, 

nitratos e H2CO3  foram 5.74 ppm, 3.5x10
-4

 ppm , 3.9x10
-2

 ppm and 7.6x10
-2

 ppm  

respectivamente. A taxa de consumo de amónia e alcalinidade foram 6.4x10
-6

 Kg.m
-3

..s
-1

 e 

4.2x10
-5

 kg.m
-3

.s
-1

 respectivamente. A taxa de produção de biomassa (AOB) foi de 7.34x10
-7

 

Kg.m
-3

.s
-1

  e a taxa de produção de NOB foi de 9.5x10
-8

 Kg.m
-3

.s
-1

. 

Palavras-chave:  biofiltro, reactor de biofilme em leito fluidizado, nitrificação 
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1 Introduction 

 

1.1 Brief description of the aquaculture industry 

 

The growth of the world’s population and an increasing demand for food threatens to 

deplete the fisheries worldwide. In order to keep up the demand and assure that there will be 

enough in the future, aquaculture started to develop at an exponential rate and currently is the 

food industry’s segment with the most accelerated growth. It is expected that by the year 2050  

more than 30% of the world´s seafood supply will be provided by aquaculture. For instance the 

fish consumption per capita increased 24% from 1970 to 1998, legumes increased 13% and 

egg and meat consumption had a net decrease [1,2]. 

 The Aquaculture industry, pressured by the international directives to restrict the water 

usage and the amount of pollutants discharged, is currently shifting from the traditional flow-

through approach, where none or only a residual percentage of the water used is recirculated to 

the so called “recirculated aquaculture Systems”, RAS, where a percentage up to 99% of the 

water is reused. This approach is being adopted by the main European aquaculture producing 

countries - United Kingdom, Ireland, Italy and Norway. This approach is encouraged also in the 

European Commission strategy documents [3]. 

A RAS facility typically contains a set of tanks that can be made out of concrete, 

polyvinyl, PVC or other material . The water in these tanks overflows or is drained to a series of 

equipments designed to filter suspended and dissolved particles, and to process a variety of 

contaminants.   
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 The machinery involved in the processing stages can be classified in different groups 

according to table 1. 

 

 
Type of filtration 

 
Equipments Importance Scale 

Mechanical 

 
Cartridge filter 

Sand filters 
Drum filter 
Bag filters 

 

++ Small/medium/large 

Biological 

 
Fixed bed biofilter 

Moving bed biofilter 
Trickle filters 

Rotary biocontactors 
 

+++ Small/medium/large 

Chemical 

 
Activated charcoal 
Calcium Reactors 

 

+ medium/large 

Disinfection 

 
UV light system 

Ozonation 
 

+ medium/large 

Miscellaneous 

 
Denitrification processes 

Algal ponds 
Aquaponics 

 

+ Small/medium/large 

Table 1- Equipments used in the various types of filtration 

 

1.2  Types of filters 

1.2.1  Mechanical filtration 

 

 The equipments used to mechanically filter the incoming water from the tanks are 

usually classified as mechanical filtration units. These equipments are the only true filters used 

within a RAS facility and are typically the first ones in the processing plant. 
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 The objective of these filters is to remove the suspended and dissolved solids in the 

water column. The removal of suspended solids before the decaying process starts will reduce 

the amount of pollutants (ammonium and phosphate) in the water column by collecting those 

solids and removing them from the system. On the other hand a large amount of suspended 

solids will inhibit fish growth and general fish health [4].  

  

1.2.1.1  Cartridge filter 

  

This type of mechanical filter is available in a wide variety of configurations and sizes. It 

is composed of a pressurized vessel with some kind of cartridge or media in it. 

 

Figure 1 - Filter housings [5] 

 

1.2.1.2  Bag filter 

 

 This type of filter is similar to the cartridge filter, however it operates at much lower 

pressures, and instead of a cartridge the water is filtered through a porous bag. The porosity of 

the bag can vary immensely, from 1 µm to 1000 µm. 
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Figure 2- Bag filters and housings [6] 

 

1.2.1.3  Sand filter 

 

There is a wide range of sand filters for different water flows and uses. Filters are made 

of polyester and fiberglass, loaded with natural sand media with a high silica content and 

particle sizes between 0.5 and 1.0mm. 

 

Figure 3- Examples of sand and filters [7] 
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1.2.1.4  Drum filters 

 

Drum filters are state of the art equipments designed to operate autonomously with low 

maintenance. They consist of a stainless steel perforated drum that rotates at very low speed, 

the water de pass through the drum and leaving the solids behind usually a self cleaning system 

is included. 

 

Figure 4- Drum filter Schematics [8] 

Figure 5- Examples of Drum filters [8] 

 



 

15 
 

Table 2 presents the main advantages and disadvantages of the considered mechanical 

filtration devices. 

 

Type of mechanical filter Advantages Disadvantages 

Cartridge filter 

 
Low footprint 

Operates at high loads 
Reliable 

 
High operation costs 

Non-selfcleaning 
 

Bag filter 
Low footprint 

Economical 

 
Operates at lower loads 

Non-selfcleaning 
 

Sand filter 
Low footprint 

Operates at high loads 
Self-cleaning 

 
High running costs 

Prone to clogging/low 
efficiency 

Drum Filter 

 
Low footprint 

Low running costs 
Low maintenance 

Continuous self-cleaning 
 

Expensive 
 

Table 2 - Types of mechanical filters and its features 

 

1.2.2  Biological filtration 

 

In a RAS facility, after the mechanical filtration one or more biological filtration devices 

are usually used. These units are responsible for the bacterial mediated conversion of 

pollutants, mainly ammonium into nitrates and biomass and phosphates into biomass.  
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Currently there are four main kinds of biofilters being employed in the aquaculture 

industry, the fixed bed filter, the trickling filter, the rotary biocontactor and the moving bed 

bioreactor. 

1.2.2.1  Fixed bed biofilter 
 

 The traditional fixed bed filter forces the polluted water to pass through a porous fixed 

media. Although very reliable, it possess the fundamental flaw of consuming large quantities of 

oxygen and needing frequent cleaning, If improperly dimensioned it may lead to suboptimal 

oxygen levels and decreased efficiency overtime.  

 

Figure 6- Typical housing of media used for fixed bed biological filtration [5] 

 

1.2.2.2  Trickling filter 
 

 In the trickling filter the polluted water is pumped to the top of the media and then flows 

through the various stages of media, always in contact with the atmospheric air. It possesses 

very high efficiencies bu,t since the water must be pumped a few meters above the holding , 

high energy consumption head pumps must be used and the media needs regular cleaning. 
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Figure 7- Example of a trickling filter [9] 

 

1.2.2.3  Rotary biocontactors (RBC) 
 

 The rotary biocontactor promised to revolutionize the aquaculture industry due to its 

increased efficiency and maximum oxygen supply to the nitrificating biomass. Unfortunately this 

type of biofilters tends to breakdown due to mechanical shaft failure. 

 

 

Figure 8- Example of a rotary biocontactor [10] 

 

1.2.2.4  Moving bed Bioreactor 

 
 The moving bed bioreactor utilizes an inert substrate (media) with a density very similar 

to the water density and the media is enclosed in a section of the bioreactor by the presence of 

meshes or grates. One or several air nozzles deliver a constant flow of air that incites 

recirculation in the media. The perpetual motion of the media creates the optimal conditions for 

the adhesion of biomass assuring that the entire media is supplied with vast amounts of oxygen 

and nitrogen rich compounds. This type of biofilters guarantees optimal efficiencies, introduction 
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of oxygen in the system, self cleaning media, and allows for the utilization of circulation instead 

of head pumps that operate with a fraction of the energy used by the latter. 

 

 

Figure 9- Example of a moving bed bioreactor [11] 

  

1.2.3  Chemical filtration 

 A variety of units using special media can be employed in a RAS facility. The objective 

of these units can cover the absorption of various toxic compounds or the replenishing of 

important minerals such as calcium. 

1.2.3.1 Activated charcoal 
 

 Units containing granulated or powder activated charcoal (carbon) have been widely 

employed in RAS facilities. The activated charcoal due to its high porous nature is able to 

absorb and retain certain organic or inorganic molecules, removing them from circulation. After 

a certain time the media becomes saturated and needs to be regenerated. 
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Figure 10 - Activated carbon housings[6] 

 

1.2.3.2 Calcium reactors 
 

 A calcium reactor works by injecting carbon dioxide in a chamber containing salt water 

and calcium rich media. The carbon dioxide dissolves in the water creating an acidic solution of 

carbonic acid that dissolves the calcium. The effluent is then returned to the rearing tanks. This 

is an efficient method of replenishing the calcium content when growing bivalves or other shell 

organisms. 

 

Figure 11- calcium reactor [12] 
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1.2.4  Disinfection 

 

 Besides a number of chemical compounds, two main continuous systems are used for 

disinfection,in RAS facilities, namely UV sterilization and ozonation, or a combination of both. 

 

1.2.4.1  UV sterilization 
 

 The utilization of potent ultraviolet radiation has been widely used in aquaculture. The 

principle is that bacteria and parasites cannot endure prolonged exposure to the high energy 

emitted by UV radiation. By carefully dimensioning a system where the water is passed through 

a chamber that is irradiated with UV radiation, a very high percentage of bacteria as well as 

parasites can be eradicated from the water column. 

 

Figure 12-UV disinfection facility [5] 

1.2.4.2  Ozonation 
 

 Ozonation uses the principle that ozone (O3) and its derived molecules possess a high 

redox potential being able to break down complex organic molecules. Therefore ozone is widely 

used in disinfection devices in aquaculture for the elimination of pathogens and parasites. 
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Figure 13-Ozone generator [13] 

  

1.2.5  Miscellaneous  

 Besides the equipments previously described that compose the core of water treatment 

devices typically used in RAS facilities, some other equipments and technologies are being 

employed with the objective of reducing even more both water and energy consumption.  

 One of the strategies is the so-called denitrification where the nitrates produced via the 

nitrification process are ultimately converted into gaseous nitrogen. This can be accomplished 

by the utilization of special anoxic reactors where dedicated anaerobic bacteria fed by a carbon 

source will reduce the nitrates into gaseous nitrogen, thus virtually eliminating the need for 

water changes. 

 Another strategy consists on the integration of the aquaculture system with some kind of 

algal production by discharging the water from the RAS facility into algal rearing ponds. It can 

also be employed an aquaponic system where fish are grown in conjunction with vegetables, 

being the vegetables fed by the byproducts of fish production while cleaning the water in 

circulation. 
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1.3  Brief Literature review towards the specific 

topic of model to be able to optimize. 

 

 From all types of filtration usually present in a recirculating aquaculture system, the 

biofilter is the most important and the one that is most prone to problems, typically leading to 

failure. Therefore, it is of the utmost importance to develop accurate models that allow for the 

proper design and optimization of biofilters. 

 Badiola [3] reported that 44% of the inquiries revealed that the biofilter is the most 

difficult device to manage in a RAS plant and most of the critical problems leading to project 

failure are due to badly designed equipment. 

 Malone [14] developed a rating of 17 classes of aquaculture, trying to facilitate the 

choice of biofilter for a given RAS culture. According to Malone “Predicting the performance of 

biofilters is an engineering challenge that is critical to both designers and managers. The task is 

complicated by the wide variety of water quality expectations and environmental conditions 

displayed by a recirculating aquaculture system (RAS)”. 

 

 Emparanza [15] stated that the most relevant problems affecting the performance of the 

biofilter in three salmonid aquaculture facilities were “large variations in daily feeding, which 

results in unstable nitrogenous compounds (TAN, NO2, NO3 ) concentration; (2) variable daily 

water exchange, producing unstable culture conditions (variations in pH and temperature); (3) 

high densities of culture, which results in overall bad culture conditions (high CO2 concentration, 

high amount of fine solids, high oxygen consumption). 

 

 

1.4  Specific problems that were not solved 
 

 Following the research results, it was decided to create an accurate model of a moving 

bed biofilm reactor. By doing so, many of the stated problems can be tackled simultaneously 

due to the very high nitrification efficiencies that guarantee low ammonia and nitrate levels 

despite feeding fluctuations. High CO2 stripping rates and high oxygen transfer rate that 

guarantee an adequate level of dissolved gases in the water column. 

The inherent nature of a moving bed bioreactor causing constant abrasion of the 

biocarriers means that only the most active and viable nitrifying biomass attached to the 

biocarriers will remain within the system, leading to a high efficiency per unit of biomass, being 

able, to a certain degree to cope with feeding variations. The biomass sloughing with fine 
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suspended solids adhered also means a reduction in suspended particles.  The constant 

aeration inside the reactor creates a very high water-air surface area, allowing for both 

increased oxygenation and CO2 stripping. 

1.5  Objectives 
. 

 A Computational Fluid Dynamics (CFD) model was developed based on the commercial 

software StarCCm+. The model allows for the quantification of a moving bed biofilm reactor 

(MBBR) to predict the behavior of the biocarriers (Kaldnes k1) within the biofilter and the 

concentration of oxygen, ammonium, nitrite, nitrate, alkalinity, biomass production as well as 

velocity and pressure fields. The absence of a detailed CFD model of a moving bed biofilm 

reactor was the driving force for this working which may lead to the optimization of the 

performance of MBBR in general. 

The most important features of the model are: 

- Determination of the pressure – velocity profile of the different phases and how their 

interaction produces the expected motion inside the reactor 

 

- Determination of the amount of ammonium consumed and consequently nitrite and 

nitrate production as well as alkalinity consumption and biomass production. 
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2  Physical and chemical modeling 
 

2.1  Mesh Continuum 

2.1.1  Models used 

In order to mesh the imported Cad geometry the following models were used: 

 Trimmer  

Due to the simple geometry of the biofilter under study, it was chosen to use the trimmer 

mesh which possesses the following characteristics: 

• Predominantly hexahedral mesh elements with minimal cell skewness 

• Refinement that is based upon surface mesh size and other user-defined parameters  

• Surface quality independence 

 

Surface Remesher 

In order to improve the overall quality of an existing surface and optimize it for the 

volume mesh models, the surface remesher model can be used. 

  

2.1.2  Reference Values 

 

 Base size 

 This value specifies the reference length value for all relative size controls, meaning the 

base size of the control volume. In the present case a value of 0.01m was used. 

 Maximum Cell size 

 The maximum cell size was defined as relative to base with a maximum size of 100% 

of the base size. 

 Surface Growth rate 
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This value specifies the maximum size ratio of connected mesh edges. In the present 

case a value of 1.1 was chosen in order to avoid large size gradients in adjacent cells, which 

could lead to convergence issues. 

All the other values were set to the default values. 

 

In figure14 it is shown the mesh obtained 

 

Figure 14- Representation of the mesh obtained 

 

The final mesh possesses 18427 cells. It was chosen not to over refine the mesh 

because dealing with such a complex physics scheme (dozens of equations calculated per 

iteration) the computational time would be prohibitive. 
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2.2  Physics Continuum - Flow configuration and 

boundary conditions 
 

The biofilter under consideration has the following dimensions, 0.2 m wide, 0,2 m 

across and 0.4 m height. It is loaded with 30 % biocarrier and 70% water (v/v).  

 

Figure 15- Scheme of the Biofilter under study 

One of the sides is the water inlet where only water enters with a flow rate of 3600 L.h
-1

. 

The opposite side is the water outlet where only water exits with the same flow rate as the inlet. 

This boundary permeable only to water. At the bottom there are 2 air nozzles located each at 1 

cm distance from each of the side walls. These air nozzles have a porosity of 20% and inject an 

air flow rate of 9 Liters per minute. The top wall is an open surface outlet where only air 

exits.This boundary was set with the slip condition on, meaning the shear stress at this 

boundary is zero and making it permeable only to air. 

The water inlet has a composition of 1.5x10
-6

 ammonium (m/m) and 1x10
-4

 bicarbonate 

(m/m), the rest of the composition is pure water (H2O). 

The air inlet has a composition of 0.20965 of O2 (v/v), 3.5x10
-4

 of CO2 (v/v), and 0.78 of 

N2 (v/v).  

 A multiphase eulerian approach was used to model the interaction of the 3 different 

immiscible phases, a gaseous phase (air phase), Two liquid phases (water and biocarrier). The 

simulation was modeled as steady state, three dimensional, turbulent, isothermal. Each phase 

was calculated separately with a specific set of equations. 
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In figure 16 it can be seen the physics continua tree overview 

 

Figure 16- Physics continuum tree 

2.2.1  Models used 

  

Cell Quality Remediation 

The Cell Quality Remediation model helps to get solutions on a poor-quality mesh. This 

model identifies poor-quality cells, using a set of predefined criteria, such as skewness angle 

exceeding a certain threshold. Once these cells and their neighbors have been marked, the 
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computed gradients in these cells are modified in such a way as to improve the robustness of 

the solution. 

 

Eulerian Multiphase 

 

The eulerian multiphase model is used when in the presence of multiple phases with 

reactive flows. The results do not allow for the tracking of a single particle, instead the results 

are obtained in the form of molar or mass concentrations.  

The different phases are considered seggregated and the phase interaction is obtained 

via equilibrium models. Each phase within the Eulerian multiphase model is treated separately 

yielding its own set of momentum equations. 

 

2.2.1.1  Water phase 

 
In figure17 the water phase tree with the specific models used is present 

 

 

Figure 17- Water phase model tree 
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Constant density 

 

The water phase was modeled as an incompressible, isothermal fluid. It was assumed a 

constant density of 1000 Kg.m
-3 

 

 

Reynolds – Averaged Navier-Stokes 

 

 

The water flow is governed by the Navier-Stokes equations and the continuity equation. 

continuity equation for a generic phase i: 

 

                         
 

   

 Equation 1 

 

where: 

   is the volume fraction of phase i 

  is the density of phase i  

  is the velocity of phase i 

  
 is the phase mass source term 

   is the mass transfer rate to phase i, from phase j (      ) 

   is the mass transfer rate to phase j, from phase i (      ) 

 

In addition, the volume fractions must satisfy the equation: 

 

      

 

 Equation 2 

 

 

Momentum equation for a generic phase i: 

                              
 

   

                         
      

         

Equation 3 

 

where: 

p is the pressure, assumed to be equal in both phases 

g is the gravity vector 
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  and   
 are the molecular and turbulent stresses, respectively 

  is the interphase momentum transfer per unit volume 

  
 is the phase momentum source term 

       represents internal forces (such as solid pressure force between 

particles) 

   is the mass transfer rate from phase j to phase i 

   is the mass transfer rate from phase i to phase j 

The interphase momentum transfer represents the sum of all the forces the 

phases exert on one another and satisfies the equation: 

 

       Equation 4 

 

 

The two equation k-ε realizable turbulence model was used to close the system of 

equations providing the effective eddy viscosity/diffusivity. 

  

K- ε Turbulence 

 

A K-Epsilon turbulence model is a two-equation model in which transport equations are 

solved for the turbulent kinetic energy and its dissipation rate. 

 

Realizable K-Epsilon Two –Layer 

 

The realizable K-ε model is substantially better than the standard K-Epsilon model for 

many applications, and can generally be relied upon to give answers that are at least as 

accurate. This model incorporates the Two – Layer all y
+
 Wall treatment. 

 

 

Two – Layer All y+ Wall treatment 

 

The Two-Layer all y+ Wall Treatment is a hybrid approach that seeks to recover the 

behaviors of the other two wall treatments in the limit of very fine or very coarse meshes. It 

contains a wall boundary condition for that is consistent with the two-layer formulation. It is a 

design goal that this wall treatment should give results similar to the low-y+ treatment as and to 

the high-y+ treatment. It will also give reasonable results for intermediate meshes where the cell 

centroid falls in the buffer layer. 

 



 

31 
 

Multi-Component Liquid 

Liquid Components 

 

The liquid phase (water) was modeled as a multicomponent liquid with variable mass 

fractions of O2, CO2, H2O, ammonium, nitrite, nitrate, HCO3, H2CO3 as well as ammonium 

oxidizing bacteria (AOB) and nitrite oxidizing bacteria (NOB) 
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In the table 3 the relevant physical-chemical properties of each component are present 

Component 
Dynamic viscosity 

 (Pa.s) 
Molecular Weight 

 (Kg.Kmol-1) 

O2 2.05x10-5 31.99 

Ammonium 8.88x10-4 26.98 

Nitrite 8.88x10-4 101.96 

AOB 1.08x10-3 113.1 

HCO3 1.86x10-3 61.02 

H2CO3 9.44x10-4 62.03 

NOB 1.08x10-3 113.1 

Nitrate 6.52x10-3 62.00 

H2O 8.88x10-4 18.02 

Table 3 - Physical-chemical properties of water phase components 

Material properties 

In the figure 18 the material properties of the water phase can be seen 

 

Figure 18 - Material properties of water phase 
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The density was set to constant and equal to 1000 kg/m
3
, the dynamic viscosity was 

calculated as a mass weighted mixture, as well as the molecular weight, specific heat and 

thermal conductivity, although the last two are not of great importance since the energy 

equations were not calculated.  All the other values were set to the default values. 

Non Reactive  

The water phase was modeled as an incompressible, non reacting fluid. Each 

component had its density inputted in compliance with SATP.  

Segregated Species and enthalpy 

Each component present in the water phase was modeled with the segregated species 

and segregated fluid enthalpy models 

Initial Conditions 

 In figure 19 one can see the water initial conditions tree. 

 

Figure 19- Initial conditions tree 

Species Mass fraction 

 

The initial species mass fraction of water was set to constant and containing only 

oxygen (5x10
-6

) and Water (0.999995). 
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Static temperature 

 

A static temperature of 298k was defined 

All the other values were set to default 

 

2.2.1.2 Air phase 
 

In figure 20 the air phase tree with the specific models used is present 

 

 

Figure 20- Air phase model tree 
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Constant density 

 

The air phase was modeled with constant density calculated as a weighted average of 

the density of the components present in the air, each with the normal density for the Standard 

Ambient Temperature and Pressure (SATP).  

 

Similarly to the water phase, the momentum equations for air were calculated using The 

RANS with The realizable K-ε Two- Layer all Y+ Wall treatment, with similar values inputted.  

  

 

 

Multi-Component Gas 

The gaseous phase (air) was modeled as a multicomponent gas with a composition 

similar to the air 

In the table 4 the relevant physical-chemical properties of each component are present 

Component 
Density 
(kg.m-3) 

Dynamic viscosity 
 (Pa.s) 

Molecular Weight 
 (Kg.Kmol-1) 

O2 1.31 2.0x10-5 31.99 

CO2 1.80 1.5x10-5 44.01 

N2 1.15 1.8x10-5 28.01 

Table 4- Physical-chemical properties of air phase components 
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Material Properties 

In figure 21 can be seen the material properties of the air phase 

 

Figure 21-Material properties of the air phase 

 

The phase density, dynamic viscosity, molecular weight as well as specific heat and 

thermal conductivity were calculated as a weighted mixture of its components. All the other 

values were set to the default values. 

Non Reactive  

The air phase was modeled as an incompressible, non reacting fluid. Each component 

had its density inputted in compliance with SATP.  

Seggregated Species and enthalpy 

Each component present in the air phase was modeled with the Segregated Species 

and Segregated Fluid enthalpy models 

Initial Conditions 

Figure 22 shows the initial conditions tree of the air phase 
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Figure 22- Initial conditions of the air phase 

 

 

Species Mass fraction 

 

The initial species mass fraction of air was set to constant and containing oxygen 

(20.965%), nitrogen (78%) and carbon dioxide (0.035%). 

 

Static temperature 

A static temperature of 298k was defined 

.  
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2.2.1.3 Biocarrier phase  
 

The biocarrier phase was introduced in the model as an attempt to simulate the 

behavior of the Kaldnes k1 biocarriers. These biocarrier are hollow cylindrical structures with 

approximately 1 cm diameter and 1cm height, containing a structure inside used to house 

beneficial bacteria involved in the nitrification process, they are obtained with plastic extrusion 

and possess approximately 500m
2
.m

-3
 of protected surface area. 

 

 

Figure 23- Kaldnes k1 media 
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Figure 24 presents the biocarrier phase tree with the specific models used 

 

 

Figure 24- Biocarrier phase model tree 

The models used for phase are very similar to the ones used for the water and air 

phase, with the exception of the introduction of an oxidation model within this reacting phase. 

This alteration will yield fundamental changes in the configuration of the multi-component liquid 

model as well as the introduction of a reacting node. 

 

 

Multi-Component Liquid 

 

The biocarrier phase was modeled as a multicomponent liquid containing the same 

species as the water phase plus HDPE (high density polyethylene used to represent the fraction 

of polymer of the biocarrier), also with variable mass fractions. This phase was modeled with 

constant density equal to 977 Kg.m
-3

.   

 The various components present in the biocarrier phase, due to its reacting nature are 

now described as a function of its elemental composition. The elemental composition of each 

component can be seen in table 5. 
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Component 
Chemical 
Formula 

Elemental 
Composition 

Oxygen O2 2x O atom 

Ammonium NH4 
1x N atom 
4x H atom 

Nitrite NO2 
1x N atom 
2x O atom 

AOB 
 (ammonium oxidizing bacteria)  

C5H7NO2 

5x C atom 
7x H atom 
1x N atom 
2x O atom 

HCO3 HCO3 
1x H atom 
1x C atom 
3x O atom 

H2CO3 H2CO3 
2x H atom 
1x C atom 
3x O atom 

nitrate NO3 
1x N atom 
3x O atom 

NOB 
(nitrite oxidizing bacteria) 

C5H7NO2 

5x C atom 
7x H atom 
1x N atom 
2x O atom 

Water H2O 
2x H atom 
1x O atom 

High density polyethylene -(C2H4)- 
2x C atom 
4x H atom 

Table 5 - Elemental composition of the components of biocarrier phase 

   

A standard state temperature of 298k was chosen for all components. The molecular 

weight was calculated as a function of elemental composition. All the other energy related 

values were disregarded since no energy calculations were performed. 
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Eddy break-up model 

An eddy break-up combustion model was added to simulate the bacterial reactions 

within this phase. Due to the particular nature of this kind of biological reactions, the kinetics-

only option for the reaction control was chosen. 

Reacting 

This is a reacting phase where 2 reactions occur, both kinetics only controlled. These 

reactions correspond to the oxidation of ammonium into nitrate with the production of biomass. 

Considering synthesis and oxidation by AOB (ammonium oxidizing bacteria) and NOB (nitrite 

oxidizing bacteria) separately, Haug and McCarty[16] reported that oxidation of 100 mg of 

NH4
+
-N to NO3-N resulted in the production of 14.6 mg of AOB biomass and 2.0 mg of NOB 

biomass, as follows: 

55 NH4 + 76 O2 + 109 HCO3 – → C5H7NO2 (AOB) + 54 NO2 + 57 H20 + 104 H2CO3            Equation 7 

400 NO2 + NH4 + + 4 H2CO3 + HCO3  + 195 O2 → C5H7NO2 (NOB) + 3 H2O + 400 NO3     Equation 8 

 The velocity of the previous reactions will determine the substrate consumption rate of 

ammonium and alkalinity (HCO3), the oxygen uptake rate, and the production of bicarbonate, 

biomass, nitrite, nitrate and biomass. 

The reactions velocity is obtained by calculating a pair of Monod, zero order equations, 

(equation 9 and 10). 

             

    
  

    
       

     

 Equation 9 

             

    
  

    
       

     
 Equation 10 

 

Where μAOB= specific growth rate of AOB biomass (g biomass formed per g biomass 

present per day), d
-1

, μmax,AOB = maximum specific growth rate of AOB, d-1,     
  = 

ammonium concentration, mg N/L;     
      = half-saturation coefficient for AOB, mg N/L; 

μNOB= specific growth rate of NOB biomass (g biomass formed per g biomass present per 

day), d
-1

 , μmax,NOB = maximum specific growth rate of NOB, d
-1

     
  = nitrite concentration, 

mg N/L;     
      = half-saturation coefficient for NOB, mg N/L;  
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Ammonium oxidation 

In figure 25 the ammonium oxidation reaction tree can be seen 

 

Figure 25 - Ammonium oxidation reaction tree 

 

The stoichiometric coefficients of reactants and products for the ammonium oxidation 

reaction were inputted according to equation 7. The values can be seen in table 6. 

 

Reactant/product Stoichiometric Coefficient 

Ammonium 55 

O2 76 

HCO3 109 

H2O 57 

Nitrite 54 

AOB 1 

H2CO3 104 
Table 6 - Stoichiometric coefficients of the species involved in the ammonium oxidation reaction 

The reaction coefficient was defined using a user defined field function: 

1.94*($MassFractionammoniumbiocarrier)/($MassFractionammoniumbiocarrier +1.5E-

6)/(3600*24) 
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Used to simulate equation 9, with μmax,AOB=1.94 d
-1

 and     
     =1.5 mg N/L. 

Nitrite oxidation 

In figure 26 the nitrite oxidation reaction tree can be seen 

 

Figure 26- Nitrite oxidation reaction tree 

 

The stoichiometric coefficients of reactants and products for the nitrite oxidation reaction 

were inputted according to equation 8. The values can be seen in table 7. 

Reactant/product Stoichiometric Coefficient 

Nitrite 400 

Ammonium 1 

O2 195 

HCO3 1 

H2CO3 4 

Nitrate 400 

NOB 1 

H2O 3 
Table 7- Stoichiometric coefficients of the species involved in the nitrite oxidation reaction 

All the rate exponent values were set to 0. The reaction coefficient was defined using a 

user field function: 
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1.9*($MassFractionnitritebiocarrier / ($MassFractionnitritebiocarrier + 21.8E-9/(3600*24) 

Used to simulate equation 10 with , μmax,NOB=1.9 d
-1

 and      
     =21.8E-3 mg N/L. 

Initial conditions 

In figure 27 the initial conditions tree of the biocarrier phase can be seen 

 

 

Figure 27 - Biocarrier phase initial conditions tree 

 

 

 

Species Mass fraction 

 

The initial species mass fraction of biocarrier was set as 91% water and 9% HDPE( high 

density polyethylene), values used to simulate the actual composition of a biocarrier inside the 

water. All the other values were set to 0, simulating a brand new biocarrier. 
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Static temperature 

A static temperature of 298k was defined 

Turbulent length scale 

The turbulent length scale was set to 0.01m, the characteristic dimension of the 

biocarriers 

All the other values were set to the default values 

 

2.2.1.4 Multiphase interaction  
 

 While under operation a moving bed biofilm reactor, is driven by a constant flow of 

water and air. The positioning and mass flow of these inlets will drive a specific moving pattern 

in the biocarrier mass. All the three phases interact with each other, however the interaction 

between air and biocarrier is predictably the least important and therefore as a model 

simplification it was neglected. 
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Water– air interaction 

The model tree for the water-air interaction model tree can be seen in figure 28. 

 

Figure 28 - Water-air interaction model tree 

 

Constant interaction Length Scale 

The interaction between the air and water phase was modeled using the constant 

interaction length scale. An average value of bubble diameter of 2.3 mm was considered, due to 

the porosity of the air nozzles previously defined. 

Eulerian Continuous-Dispersed 

Multiphase material 

 It was defined the eulerian continuous- dispersed model with water as the continuous 

phase and air as the dispersed phase, as part of the multiphase material mixture 

Interphase Mass Transfer 

Symmetric interaction Area Density 

Turbulent Dispersion Force 
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The interphase mass transfer model assumed a symmetric interaction area density and 

the turbulent dispersion force model was added to model the interaction between the air and 

water phases 

Drag Force 

The drag coefficient was calculated with the Wang-curve fit model with volume fraction 

exponent Correlation, typical of bubbly flows. 

Dissolution Mass transfer Rate 

The oxygen mass transfer rate was modeled using the Henry’s law with an equilibrium 

coefficient of 4.29x10
9
 Pa and it was the only air component transferred from and to the water 

phase. 

 

 

Biocarrier- Water interaction 

 

The interaction between the biocarrier and water phase was modeled in a very similar 

fashion to the modeling of the water- air interaction, using the constant interaction length scale 

and the eulerian continuous- dispersed model with water as the continuous phase and 

biocarrier as the dispersed phase. However, there are some fundamental differences, namely in 

the dissolution mass transfer rate, drag force and the inclusion of a lift force model. 

Dissolution Mass transfer rate 

 In order to model the mass transfer rate between water and biocarrier phases, a set of 

equilibrium equations was used.  

 [X]cont =K[X]disp 

 
Equation 11 

 Meaning that the concentration of each of the components transferred between phases 

is controlled by an equilibrium equation. This equation emulates the mass diffusional resistance 

between the water and biocarrier, assuming a symmetric interaction area density. The turbulent 

dispersion force model was added 

All the species present both in the Water and Biocarrier phases are transferred between 

the 2 phases with the exception of HDPE( plastic fraction of the biocarrier) . The transfer rate is 

controlled by the equilibrium coefficient between the 2 phases. The values inputted for the 
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equilibrium are constant for each component. . The equilibrium coefficients adopted are present 

in table 8. 

Component Equilibrium coefficient 

O2 20 

Ammonium 20 

Nitrite 20 

AOB 1E-9 

HCO3 20 

H2CO3 20 

NOB 1E-9 

Nitrate 20 

H2O 1.065 
Table 8 -  Equilibrium coefficients of the species involved in the biocarrier-water interaction 

 

The value of the equilibrium coefficients was chosen in order to obtain realistic values of 

concentration of the various components in both phases. Since the real concentration within the 

biocarriers is unknown, the water concentrations, supported by literature were the guide lines 

for the choice of these values. The values for AOB and NOB being very small means that the 

concentration in the biocarrier is much higher than in the free water column, which corresponds 

to the reality since the biomass is attached to the biocarrier. These equilibrium coefficients now 

regulate the sloughing rate of the biomass. The value for H2O was determined in order to keep 

the mass fraction of HPDE in the biocarrier at around 9%.  

Drag Force 

 

A value of 1 was assumed for the drag coefficient between phases. 

 

Lift Force 

 

A lift force coefficient of 0.1 was included 
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2.2.2  Boundary types and conditions 

 

Besides the definition of a mesh and physics continua, the model needs a proper 

definition of the boundary conditions. It were defined 5 boundaries as seen in figure 29 the 

hidden face corresponds to the water inlet and the side walls correspond to the other boundary. 

 

Figure 29- Boundaries used in the model 
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Water in 

This is a velocity inlet boundary type with a prescribed velocity of 0.125 m.s
-1

 and a 

direction parallel to the boundary normal. It introduces only water phase to the system with a 

mass composition of 5x10
-6

 of ammonium and oxygen, 1x10
-4

 of HCO3 and 0.99989 of H2O. 

This stream emulates the untreated water being pumped into the reactor. 

Air in  

This boundary simulates the incoming air stream. In order to simulate the porosity of the 

air nozzle it was assumed a volume fraction of 85% of water and 15% of air with prescribed 

velocities of 0 and 0.4 m.s
-1

 respectively and a direction parallel to the boundary normal, 

yielding 9 Liter.min
-1

 of air. The composition of the air being injected into the system is equal to 

the composition previously defined to the air phase. 

Wall  

Bottom 

These boundaries are defined as wall boundaries impermeable to all phases with the 

no-slip condition activated, meaning that the velocity at the wall is zero. 

 

Surface 

In order to model the free surface, a wall boundary type was used. However this wall is 

impermeable to water and biocarrier and fully permeable to air, the slip condition was activated 

meaning that there is no shear-stresses at this boundary. 

Out 

This boundary is needed to emulate the exit of the reactor, where in reality there is a 

mesh or some kind of crate to imprison the biocarrier mass within the reactor, in order to do so a 

flow-split outlet was defined, being permeable only to water. 
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3. Results and discussion 
 

3.1  Flow description 
 

The model under study will be focusing on two main subjects: 

1. Description of the flow of the different phases and resulting flow pattern of the 

biocarriers inside the reactor 

2. Chemical modeling of the different species and resulting concentration profile in 

each phase. 

 

 

3.1.1 Description of Air flow 

 

 

Figure 30 - Volume fraction of air 

Figure 30 shows the volume fraction of air i.e. the air bubbles inside the reactor, It can 

be seen that the maximum volume fraction corresponds to 20% near the air nozzles (the air 

nozzles have a porosity of 20%) and this value lowers and expands towards the top and center, 
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indicating the presence of the air column. The air stream is convected near the top due to the 

inlet water stream as shown in the plane aligned with the air nozzles.  

 The good dispersion of air throughout the reactor is a mandatory feature to 

obtain a decent oxygen transfer rate to the water phase, since the oxygen transfer rate is a 

function of the available air-water contact area. This can be accomplished with the presence of 

very high number of small air bubbles in the water phase. 

 The rising air stream will create the drag responsible for the desired water and 

biocarrier motion in the reactor  

 

3.1.2 Description of water flow 

 

 

Figure 31 - Water velocity in a plane paralell to the water inlet 

 

Figure 31 shows the water velocity at a plane parallel to the water inlet. The water 

describes a pair of recirculations, rising on the laterals of the reactor driven by the rising air 

stream and returning to the bottom at the center of the reactor, creating recirculation zones in 

the space between the center of the reactor and the side walls. The maximum velocity of the 

water in the central plane is registered near the walls where the water rises with a value of 0.23  

m.s
-1

.  
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Figure 32 -Water velocity in a plane aligned with the air nozzles 

 

 Figure 32 shows the water velocity at a plane aligned with the air nozzles (close to 

the side wall). The water rises at the corners close to the water outlet with a velocity of 

approximately 0.17 m.s
-1

 and descends close to the inlet, creating a recirculation zone near the 

top.  

 The water flow induced by the air phase creates favorable conditions for mixing and 

mass transfer in/out the biocarrier phase. The small size of the recirculation zones, coupled with 

the fact that there are no stagnation areas of water is a good indicator that the biocarrier mass 

will be in perpetual motion, avoiding the creation of stagnant zones where the biomass inside 

the biocarriers would be depleted of nutrients, lowering its efficiency, as well as the creation of 

hypoxia pockets that could encourage the formation of pathogenic bacteria. 
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3.1.3 Transport of Biocarrier 

 

 

 

Figure 33 - Trajectories of the biocarriers inside the reactor 

 The trajectories shown in figure 33 depict the motion of the biocarrier inside the 

reactor.  The biocarrier transport is regulated solely by the interaction of water and biocarrier.  

As a reasonable simplification it was neglected the interaction between air and biocarrier. The 

biocarrier is constrained inside the reactor by collocation of plastic meshes at the water inlet and 

outlet.  The biocarrier performs a motion similar to the water, recirculating with the highest rising 

velocity near the outlet mesh and lateral part of the reactor and a slower descending velocity 

near the center front of the reactor. 
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Figure 34- Volume fraction of biocarrier 

 Figure 34 shows the volume fraction of the biocarrier, being maximum at the 

recirculation zones shown previously in figure 31. It can be seen that the biocarrier occupies the 

entire volume of the reactor with the exception of the regions near the bottom and water inlet 

boundary. It should also be noted that 78.5% is the maximum theoretical value that solid 

cylinders occupy in a liquid phase. Therefore the value of 68% obtained for the recirculation 

zone is possible.   
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3.2 Concentration of components 
 

 The present model allows the determination of the concentration of the components 

present in each of the phases.  

 

3.2.1 Oxygen Concentration 

 Figure 35 shows the oxygen concentration at several planes. 

 

Figure 35 - Concentration profile of oxygen in Water phase 

 

 The water inlet possesses a concentration of dissolved oxygen of 5 ppm, a value 

chosen taken into account the minimum oxygen concentration needed for optimum fish 

maintenance and growth [17,18]. 

 Oxygen is a fundamental nutrient required for survivability as well as optimal growth 

of the different cultivated species. Different species can have different oxygen demands, 
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Thorarensen [19]. reported that in the case of atlantic halibut (Hippoglossus hippoglossus), both 

growth as well as feed conversion ratio (unit of weight gain per unit of food ) are strictly 

influenced by the oxygen concentration in water. 

  Due to the oxygen transfer phenomenon between air and water there is an increase 

in oxygen concentration towards the top. The average concentration at the outlet is 5.74 ppm, 

meaning that the reactor increases the oxygen concentration in the system.  

 It can be seen in figure 35 that the concentration of oxygen is above 5 ppm in the 

interior of the reactor, meaning that the biomass has enough available oxygen in any location of 

the reactor to promote the nitrification reactions at optimal rates [20]. 

 The inexistence of hypoxia pockets is another feature of this kind of reactor, since it 

avoids the proliferation of dangerous pathogenic bacteria responsible for various diseases. 

 

3.2.2 Ammonium, Nitrite and nitrate production  

 

Figure 36 - Concentration profile of ammonium in Water phase 

 

 Figure 36 shows the ammonium concentration profile. The concentration of 

ammonium at the water inlet is 5 ppm. A steady reduction can be seen towards the outlet, as 

expected, since the ammonium is being converted in nitrites and biomass according to equation 



 

58 
 

7. The water exits the reactor with a concentration of 4.92 ppm. However as the residence time 

is only 16 seconds, a much greater reduction could possibly be achieved by increasing the 

residence time. A volumetric productivity of 6.45x10-6 Kg.m
-3

 .s
-1 

was achieved. A very 

satisfactory value meaning that a reactor this size (16 dm
3
) is able to convert 8.92 g of 

ammonium per day.  

 Since approximately 3% of the fish feed is converted into ammonium and the fish 

should be fed approximately 5% of its body weight per day, it means that approximately 6kg of 

fish could be cultured with a reactor similar to the one studied. 

 

 

Figure 37 - Concentration profile of nitrite in water phase 

 Figure 37 shows the concentration profile of nitrite. The concentration of nitrite is 

zero at water inlet, increasing the concentration of nitrite from the inlet to the outlet reaching an 

average concentration of 2.5x10
-4

 ppm at the outlet, corresponding to an average volumetric 

productivity of 1.0x10
-7

   Kg.m
-3

.s
-1

 or 0.14 g/day. 
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Figure 38 - Concentration profile of nitrate in water phase 

 The concentration profile of nitrate is similar to the concentration profile of nitrite as 

shown in figure 38. Nitrite is the precursor in the nitrate producing reaction, therefore the nitrate 

production is dependent on the nitrite concentration at a given time and place. It was achieved a 

concentration of 3.9x10
-2

 ppm with a volumetric productivity of 2.1x10
-5

 Kg.m
-3

.s
-1

 or 28.9 g of 

nitrate/day. The small concentration of both nitrite and nitrate is consequence of the very low 

residence time (16 seconds). However very satisfactory volumetric productivities were achieved 

since a large volumetric flow rate is processed. 
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3.2.3 Biomass production 

 

 In order to produce a simplified model only ammonium oxidizing bacteria and nitrate 

oxidizing bacteria were considered as being part of the biofilm. However, in reality, the 

populations typically present in these types of biofilms include a variety of both aerobic and 

anaerobic, autotrophic and heterotrophic species as well as algae [21,22]. 

 The values of     
      and      

      used in equations 9 and 10, the so- called the 

half saturation constants, are typically used to account for the diffusivity barrier of nutrient inside 

the biofilm. The values used were retrieved from the article [16].  Since these values account for 

the diffusivity and in the present model the equilibrium coefficients also account for this mass 

diffusivity, the values of half saturation were used inside the reaction rate function ( user defined 

function- AOB reaction and NOB reaction), and later the value of equilibrium was adjusted to 

obtain nitrification rates of the desired order of magnitude.  

 The concentration profiles of ammonium oxidizing bacteria (AOB) and nitrite 

oxidizing bacteria (NOB) in the biocarrier phase are present in figures 39 and 40 respectively. 

 

Figure 39 - Concentration profile of Ammonium oxidizing bacteria in the biocarrier phase 
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The concentration profile present in figure 39 shows that the concentration of AOB is 

uniform inside the reactor with a concentration of 25 ppm of AOB in the biocarrier phase. The 

average volumetric productivity of AOB is 7.34E-7 Kg.m
-3

.s
-1

. 

 

Figure 40 - Concentration profile of nitrite oxidizing bacteria in biocarrier phase 

 Similarly to the concentration profile of AOB the concentration of NOB in the biocarrier 

phase is quite uniform, with an average value of 3.4 ppm throughout the reactor. The average 

volumetric productivity NOB is 9.5E-8 Kg.m
-3

.s
-1

. The uniformity of biomass concentration can 

be explained by the perpetual motion of the biocarriers. Since each biocarrier may be at any 

location of the reactor at a given time, it is expected an equal biomass concentration in each 

and every biocarrier. 

The peculiar characteristics of this model made it very hard to determine the correct 

concentration of biomass within the reactor since it depends on available nutrients and shear 

stresses directly correlated with both suspended solids and water velocity. The simplification of 

this model does not allow for the determination of suspended solids concentration and the 

author was unable to determine a relationship between the shear forces involved and the 

biomass sloughing rate. Therefore the final biomass concentration defined by the equilibrium 

coefficient may not be fully accurate. 
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3.2.4 Alkalinity consumption and bicarbonate 
production 

 

 

Figure 41 - Concentration profile of HCO3 in water phase 

 

 Figure 41 shows the HCO3 (alkalinity) concentration profile. The concentration of 

HCO3 at the water inlet is 100 ppm, a steady reduction can be seen towards the outlet, similarly 

to the ammonium concentration profile, since HCO3  is being converted in nitrites and biomass 

according to equation 7 and 8. A value of 98.6 ppm was obtained at the outlet with an average 

volumetric productivity of 4.3x10
-5

 kg.m
-3

.s
-1

. 
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Figure 42 - Concentration profile of H2CO3 in water phase 

The alkalinity (HCO3) consumption is regulated by the biomass activity (ammonium 

oxidizing reaction), being H2CO3 a product of the same reaction. The concentration profile of 

H2CO3 can be seen in figure 42. Since the concentration of H2CO3 in the inlet water stream is 

zero, there is an increase in concentration of H2CO3 from the water inlet to the outlet reaching a 

value of 7.6E-2 ppm at the outlet. 
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4  Convergence and Residuals 
 

 In order to determine if a given simulation is fully converged a few objectives need to 

be achieved: 

1- Decrease of at least three orders of magnitude of each residual 

2- Stability of the achieved residuals 

3- Physically possible solution 

 In figure 43 can be seen the residuals of 24 of the calculated equations per iteration  

 

Figure 43 – Residuals 
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In table 9 can be seen the residuals values for each of the equations in the last iteration 

Equation Residual value 

Continuity 5x10
-7

 

X momentum of water 2x10
-7

 

Y momentum of water 2x10
-8

 

Z momentum of water 6x10
-7

 

X momentum of air 1x10
-7

 

Y momentum of air 7x10
-9

 

Z momentum of air 9x10
-7

 

X momentum of biocarrier 3x10
-8

 

Y momentum of biocarrier 8x10
-9

 

Z momentum of biocarrier 3x10
-8

 

Mass of water 7x10
-7

 

Mass of air 4x10
-6

 

Mass of biocarrier 1x10
-7

 

Mass of O2 in water 2x10
-7

 

Mass of ammonium in water 3x10
-14

 

Mass of nitrite in water 2x10
-7

 

Mass of AOB in water 6x10
-4

 

Mass of HCO3 in water 7x10
-13

 

Mass of H2CO3 in water 3x10
-8

 

Mass of NOB in water 3x10
-3

 

Mass of nitrate in water 4x10
-7

 

Turbulent Ke of water 8x10
-7

 

Turbulent dr of water 1x10
-9

 

Turbulent Ke of air 6x10
-11

 

Turbulent dr of air 2x10
-15

 

Turbulent Ke of biocarrier 2x10
-7

 

Turbulent dr of biocarrier 4x10
-11

 

Table 9- Residual Values 

 

 With the exception of AOB and NOB mass, whose residuals are not fully converged, all 

the other equations are fully converged, having a value under 10
-4

, stabilized value and possible 

results. Therefore it can be concluded that the simulation is converged.  The values of AOB and 

NOB may never achieve fully convergence however, as previously explained, those values may 

never be fully accurate with the available information. 
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5  Conclusions  
 

A model of a moving bed biofilm reactor was produced, the reactor containing 30% k1 

kaldnes biocarrier loading, supplied with 9 Liter.min
-1

 of air and a water flow of 3600 Liter.h
-1

. 

The velocity fields of the different phases were determined, an ammonium consumption rate of 

558 g.m
-3

.d
-1

 was determined.  

From the observation of the volumetric fraction and velocity of biocarrier it can be seen 

that there are no accumulation zones and the entire biocarrier mass circulates around the 

reactor, a fundamental feature to avoid the formation of “dead zones” where the bacteria inside 

the carriers do not have proper access to nutrients.  

It was determined an increase in the oxygen concentration inside the reactor under the 

defined water and air flow conditions 

The validity of the model and volumetric productivities of ammonium, nitrite and nitrate 

are in accordance with the values of the literature [4,16,18,23], as well as the biomass 

production and ammonium consumption. 

The described model can be a valuable tool to predict the behavior of a moving bed 

biofilm reactor under a different array of flow conditions, decreasing the necessity of 

experiments to test every desired configuration. 

The reactor is specially suited for application is recirculating aquaculture systems, 

capable of maintaining up to 6 Kg of cultured fish. 

The reactor described can be used in a scaled up version, or as a series of reactors to 

increase the productivity and to face the needs of a bigger installation both in aquaculture or 

residual water treatment.  
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6  Future work  
 

The model of the reactor under study allowed for the determination of both fluid flow as 

well as concentration profile of various species. However an optimization work is still required to 

maximize the efficiency of the reactor modeled. The water inlet flow rate could possibly be 

reduced, increasing the residence time and therefore lowering the ammonium concentration at 

the outlet. Also the air flow rate and nozzle positioning could possibly be adjusted to increase 

the ammonium conversion. 

The testing of a reactor with bigger dimensions and/or different shape could yield better 

results, as well as the application of a series of reactors similar to the one studied. 

The CO2 stripping effect could also be included in the model since it is also one of the 

known relevant features of a moving bed biofilm reactor. 

By promoting the growth of different bacterial or algal populations in the heart of the 

biocarriers a wide range of applications can be accomplished. Model wise a number of chemical 

reactions can be simulated for the numerous possible applications.   
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